There is conflicting evidence supporting both operative and non-operative treatment of intra-articular fractures of the calcaneum. Previous studies have described comparable results from conservative and surgical management, 1 ,2 but few randomised trials have analysed the advantages of either method of treatment. In a randomised trial, Thordarson and Krieger 3 found better functional outcome in patients who had received surgical treatment. However, Parmar, Triffitt and Gregg 4 found no difference at one year between operative and non-operative treatment. In a review of the literature, Randle et al 5 considered the evidence supporting operative treatment to be weak, but found a trend for the surgically treated patients to have better outcomes.
The advent of the CT scan has motivated surgeons to appreciate the anatomy of calcaneal fractures 6, 7 and has led to growing interest in the surgery of these difficult injuries. 8 Biomechanical considerations, 9 along with the aim of restoring the subtalar joint and the alignment of the hindfoot, have provided further strong support for operative treatment. 16 four-pronged staples 17 and plate and screws. 18 Surgical exposures used vary from the lateral 19 or extended lateral transcalcaneal approaches described by Eastwood, Langkamer and Atkins 20 to the medial approach of McReynolds, 21 or a combination of both.
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Minimally invasive approaches combined with percutaneous fixation with wires or screws have also been used. 23, 24 We describe the outcome of open reduction and internal fixation in 47 displaced intraarticular fractures of the calcaneum in 45 patients treated by a single surgeon, with a mean follow-up of ten years.
Patients and Methods
Between 1993 and 2001, 49 patients (51 heels) with intra-articular fractures of the calcanum were treated by open reduction and internal fixation at our district general hospital. One patient died of unrelated causes, two were lost to follow-up and one declined to participate in the study. We were able to retrospectively review 45 patients, two with bilateral injuries, who gave informed consent to participate in the study, which was approved by our institutional review board.
The initial evaluation before operation comprised conventional radiographs, including lateral and axial views, as well as CT scans. The fractures were graded according to Sanders' classification. 7 Indications for operative treatment included destruction of the posterior facet of the joint as seen on the coronal scan, a decrease of Böhler's 25 angle with widening and flattening of the heel, and displacement of > 1 cm or angulation of > 10° of the tuberosity fragment. Cases where comminution of the sustentacular fragment precluded open reduction and internal fixation by standard means were excluded. There were 34 men (76%) and 11 women (24%) with a mean age of 56.4 years (27 to 85) at the time of follow-up.
Fitness for surgery was assessed using the 27 In four cases there were associated injuries, including an ipsilateral fracture of the ankle, upper limb fractures, a vertebral wedge fracture and metatarsal fractures. The results were evaluated at a mean follow-up of ten years (7 to 15). Operative technique. All procedures were carried out by a single surgeon (PWA). The mean interval between injury and surgery was 10.1 days (1 to 21). The patients were placed in the lateral position for unilateral fractures and prone for bilateral injuries. The incision and operative technique used are those described by Eastwood et al. 20, 28 The incision starts just anterior to the tendo Achillis and runs distally towards the edge of the heel, where it curves 90° to continue to the base of the fifth metatarsal. A fasciocutaneous flap including the sural nerve is then created, starting from the angle of the wound. The fracture of the medial wall is reduced by a transcalcaneal approach, followed by reduction of the main intra-articular fragments on to the sustentacular fragment using temporary Kirschner wires. Ultimate stabilisation was achieved using the AO (Synthes) calcaneal plate (Fig. 1) . Additional wires were needed for three cases and were buried in situ. Axial views were obtained intra-operatively with the image intensifier by positioning the C-arm horizontally. Patients were mobilised non-weight-bearing for a minimum of six weeks post-operatively. Lateral and axial radiographs were obtained during routine post-operative follow-up. Outcome measures. The patients were assessed by the first three authors using the clinical scoring system of the American Orthopaedic Foot and Ankle Society (AOFAS) for the hindfoot 29 and that of Kerr, Prothero and Atkins 30 together with the Creighton-Nebraska health foundation assessment sheet 31 for fractures of the calcaneum. The patients also completed a self-administered general health outcome form, the SF-36. For all patients with unilateral injuries both heel prints were taken on plain paper to measure any increase in width on the operated side compared to the normal side. Patients were questioned concerning any increase in the size of their shoes and the time taken to return to work following surgery. They were asked to describe, as a percentage, their satisfaction with the outcome. Patients with bilateral fractures (nos. 14 and 20 in Table I ) were instructed to report subjectively on the side with the least satisfactory result, but objective clinical assessments, including alignment, range of movement and swelling, were carried out on each side independently. Patients were further evaluated for the presence of tenderness or sensitivity in the scar, and of pain elicited in the heel pad by a gentle strike on the heel with a tendon hammer. AOFAS score. This takes the following items into consideration: intensity of pain; function, including restraint of activities and the need for support with an orthosis; maximum walking distance measured by blocks; abnormality of gait; sagittal mobility (flexion and extension); hindfoot mobility (inversion and eversion); the anteroposterior and varus-valgus stability of the ankle and hindfoot and the alignment of the foot and ankle. The scores for each item were added together, providing a total between 0 and 100. The results were considered as excellent when the scores ranged from 90 to 100, good when between 80 and 89, fair when ranging from 70 to 79 and bad when below 69. Kerr-Prothero-Atkins score. This assessment was derived from a meta-analysis of six commonly used calcaneal outcome scoring systems. It focuses on the patient's pain and functional capabilities, which may be independent of the anatomical result, the radiological findings or the subtalar range of movement (maximum score 100 points). Creighton-Nebraska assessment. This includes questioning the patient about pain during activity and rest, and about ability to walk and stand; determining the range of movement of the subtalar joint; and noting the patient's ability to return to work, any change in shoe size, and swelling of the hindfoot. The different categories add to a maximum of 100 points. A score of 90 to 100 points is judged to be an excellent result; 80 to 89 points, good; 65 to 79 points, fair; and 64 points or fewer a poor result. SF-36 version 2. The interpretation of the SF-36v2 Health Survey results has been simplified by norm-based scoring (mean = 50, SD = 10) rather than 0 to 100 scores.
Böhler's angles were measured on the pre-and postoperative radiographs and the fractures were graded by two authors (DM and UR) using Sanders' classification.
Radiological evaluation at the final follow-up was made from lateral, axial and internal oblique views. The articular congruity and the degree of arthritis of the posterior subtalar joint were assessed on the Morrey and Wiedeman scale, 32 where grade 0 refers to no signs of arthrosis, grade 1 to minimal narrowing of the joint space and minimal osteophyte formation, grade 2 to moderate narrowing of the space and moderate osteophyte formation and grade 3 to marked deformation or ankylosis.
Results
The details of the 45 patients are summarised in Table I . There were 18 excellent (38.3%), 17 good (36.2%), three fair (6.3%) and nine poor (19.2%) results according to the AOFAS score and Creighton-Nebraska health foundation assessment. According to the scoring system described by Kerr et al, 30 the mean score was 81 (23 to 100). The mean overall satisfaction with the surgery was 87.6 (65 to 100).
One patient with a fair result sustained an ipsilateral fracture of the distal tibia a few months after his calcaneal injury. Two patients with a good result had subsequent injuries to the ipsilateral leg, one with a fracture of the tibial plateau and the other a fracture of the ankle, which were treated surgically a few months before the final assessment.
Five patients required a subtalar arthrodesis because of continuing pain. In four this was carried out within six years of the initial surgery, and they were therefore included among those with a poor outcome. One patient had a subtalar fusion after the final review. She had persistent pain in the subtalar region and the radiograph showed minor degenerative changes in the subtalar joint, which was confirmed by a CT scan. Injection of local anaesthetic into the joint abolished the pain and she subsequently underwent subtalar fusion, which resolved her symptoms (Fig. 2) . The mean time taken by employed patients to return to work was 8.1 months (3 to 36). Of the five patients who were either unemployed or retired at the time of injury, four had fair or poor results according to Kerr et al 30 and the Creighton-Nebraska scores, but had good or excellent results on the AOFAS score.
A superficial wound infection occurred in five patients within two weeks of surgery. Of these, two were diabetic, and oral antibiotics successfully eradicated the infection. The remaining three required wound debridement and primary closure. Although one of these patients had been an MRSA carrier, the infected wound responded well to antibiotics and debridement. Another had required a free flap following a grade II open fracture. This case was complicated by superficial infection successfully treated with wound debridement. Hypersensitivity around the scar associated with discomfort on wearing a shoe was encountered in nine patients. This was elicited clinically by palpating the proximal part of the scar. Eight patients had heel pad pain; five belonged to the poor result group and three had only a fair outcome.
An increase in heel width on the injured side was clinically apparent in patients with unilateral injuries, with a mean increase of 1.29 cm (0.6 to 2.1) relative to the normal side. Only nine of these patients needed adjustments to their shoes. The other findings are summarised in Table II. Several observations can be drawn from these results. The outcome scores did not correlate with the severity of the fracture on the Sanders classification (Fig. 3) . Degenerative changes in the subtalar joint were present in all patients to a variable degree (Table II) , the severity of which did not seem to reflect the initial degree of comminution of the fracture, nor did it correlate with the outcome scores (Figs 4 and 5) . Age was not a predictor of the clinical outcome, but pain in the heelpad indicated an unsatisfactory outcome. Subjective satisfaction with the procedure was high regardless of the severity of the injury and the result achieved. The majority of patients had their Böhler's angle restored following osteosynthesis. This factor seemed to be associated with a better outcome, as the majority of patients with a poor outcome belonged to the group with a post-operative Böhler's angle < 30° (Fig. 6) . It can be seen that 27 calcaneal fractures had Böhler angles < 30°. Of these, nine had a poor result, two were fair, eight good and eight excellent. Of the 20 fractures with Böhler angles of 30° or more there were no poor results, one was fair, nine good and ten excellent.
Metalwork was removed from five patients within five years of surgery (30 to 58 months). Impingement of metal on the tendon of flexor hallucis caused stiffness of the ipsilateral great toe in one patient, one had prominent screws, and three had stiffness in the lateral aspect of the heel. Of the latter patients, two had an improvement in symptoms following removal of the plate and screws, but one had a new onset of hypersensitivity of the scar following surgery.
Discussion
Conservative management of intra-articular fractures of the calcaneum was traditionally adopted because predictable reduction and adequate fixation were not possible. 10, 33, 34 However, non-operative treatment could not restore the overall anatomy of the calcaneum, the heel remained short and wide, the tendo Achillis short and expansion of the lateral calcaneal wall may cause impingement of the peroneal tendons. 35 Such complications will lead to an unfavourable outcome. 36, 37 The earliest attempts at operative management included closed or percutaneous manipulation 38 and open reduction with bone grafting, 14 internal fixation, 17, 39 or both. Improvements in the techniques and implants for operative fixation and better understanding of the pathoanatomy of 28% 6% 33% 33% 16% 8% 38% 38% Graph showing outcome scores in relation to the severity of the arthritic change in the subtalar joint.
calcaneal fractures with the help of CT scans have increased the scope for surgical treatment.
The argument for and against operative treatment remains an issue. 4, 12, 34 In a randomised controlled trial, Parmar et al 4 reported no difference between operative and non-operative treatment at a follow-up of one year. A meta-analysis carried out by Randle et [42] [43] [44] studies have all reported better outcomes from operative management.
Our review is comparable to previously published retrospective studies, with 75% of patients having excellent and good results. 7, 17, 42, 45 It presents the results of 47 displaced calcaneal fractures treated with osteosynthesis by a single surgeon. It describes results for up to 15 years following surgery, with a mean of ten years, and uses four validated outcome scores to cover all aspects of disease-related and general outcomes, with a 92% follow-up. A comparative group of patients with displaced intraarticular fractures treated conservatively would have strengthened our study, but it would have been difficult to collect enough patients with intra-articular fractures treated conservatively during that period. Conservative treatment was confined to either undisplaced fractures or patients who were unfit for surgery.
In our study the crucial point in obtaining satisfactory results was reconstruction of the subtalar joint and restoration of Böhler's angle. This was achieved by disimpaction of the fragments before reduction. In an analysis of the prognostic factors in intra-articular calcaneal fractures, Paley and Hall 37 found that the ratio of Böhler's angle of the injured side to the normal side was significantly lower in patients with unsatisfactory outcomes and concluded that a decrease in this ratio is a negative prognostic factor. In a review of 70 patients with intra-articular calcaneal fractures, Paul, Peter and Hoffmeyer 46 concluded that patients with displaced fractures had a good outcome following operative treatment when Böhler's angle was optimally restored to > 10°, poor results when non-operative treatment was considered, and even worse results if surgical fixation was carried out without restoring Böhler's angle. Brattebø et al 47 also considered that operative treatment gave a better result than conservative treatment only if reconstruction of the subtalar joint was achieved.
We consider that intra-articular fractures of the calcaneum should be managed by prompt open reduction and internal fixation, as a delay between injury and surgery has been associated with an increase in the rate of infection. 44 Surgery may delay the onset of later symptoms by restoring the shape, anatomy and biomechanics of the calcaneum to a variable degree. If subtalar arthrodesis is required following osteosynthesis, patients may derive a better functional outcome than if it had been undertaken for symptomatic posttraumatic subtalar arthritis secondary to calcaneal malunion following initial non-operative treatment. 48 Huefner et al 49 found good results following osteosynthesis combined with a primary subtalar arthrodesis for intra-articular fractures of the calcaneum in a small number of selected patients. However, the lack of correlation between the different predictive variables in our series has rendered it difficult to conclude whether a primary subtalar fusion could have benefited those who did poorly following osteosynthesis.
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